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Photoluminescence from Electron-Deficient, Mixed-Metal Clusters with [Pt;Au]** and [Pt;Hg]** Cores .
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There is considerable current interest in the luminescent
properties of metal-metal-bonded chromophores.! Recently
Kunkely and Vogler2reported that the triangular cluster 1, [Hgs-
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(dpm);](S0,),,> shows intense photoluminescence at 77 K.
Bonding within the Hg;** unit involves an electron-deficient
situation in which the two available valence electrons occupy a
three-centered orbital that utilizes contributions from the 6 s
orbitals of each mercury. The origin of the luminescence has
been ascribed toa trimetal-centered excited state that alsoinvolves
the three mercury s orbitals. Here we report on related
luminescence from analogous electron-deficient, A-frame* com-
plexes that are formed by adding d°-s? metal centers (Au!X or
Hg!'X,) to the Pt-Pt bond of Pt;(u-dpm),X,. Representative
examples of the products, 2, Pty(AuX)(k-dpm),X2,%>" and 3, Pto-
(HgX,)(e-dpm),X,,8 have previously been synthesized and
characterized by single-crystal X-ray diffraction. These havean
electronic configuration that should resultin 2-electron, 3-centered
bonding within the trinuclear unit.

Orange dichloromethane solutions of Pty(AuX)(u-dpm).X,
(2, X = Cl or Br) show intense red luminescence when frozen at
77 K but no emission at room temperature. Figure 1 shows the
absorption (at 298 K) and emission spectra (at 77 K) that were
obtained from Pt,(AuCl)(u-dpm),Cl,. The absorptionspectrum
of Pt3(AuCl)(u-dpm),Cl, exhibits three low-energy transitions
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Figure 1. Electronicabsorption (A, 298 K) and uncorrected emission (B,
77 K, excitation at 467 nm) spectra from a dichloromethane solution of
Pt2(AuCl)(u-dpm),Cla.
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Figure 2. Electronicabsorption (A, 298 K) and uncorrected emission (B,
77 K, excitation at 467 nm) spectra from a dichloromethane solution of
Pty(HgClz) (u-dpm),Cly.

at Amex/nm (e/ M-! cm™1) 394 (3800), 430 (2400), and 506 (810)
that show slight shifts to lower energies in the bromo analog,
Pt,(AuBr)(u-dpm),Br, (406 (3600), 440 (2300), 516 (800)).
These transitions must be metal-centered since the parent complex,
Pt,(u-dpm),Cl,, shows bands at 362 (2700) and 440 nm (471)
(and 368 (3000) and 444 nm (450) for Pt,(u-dpm),Br;) which
are assigned to the spin-allowed and spin-forbidden ¢ — o*
transitions within the Pt—Pt single bond.

The absorption spectra of the mercury(If) halide adducts show
similar features with a slight shift to higher energy: Pt,(HgCL)(u-
dpm),Cl,, 382 (2300), 428 (2100), 480 nm (1500); Pt(HgBr»)-
(u-dpm); Br,, 398 (3500), 428 (2400), 486 nm (1900). Figure
2 shows the absorption and emission spectra for Pt,(HgCly)(u-
dpm),Cl,. For both the gold and mercury clusters a single low-
energy emission is observed: Pt;(AuCl)(u-dpm),Cly, 674 nm;
Pty(AuBr)(u-dpm),;Br;, 660 nm; Pty(HgCl,)(u-dpm).Cly, 677
nm; Pt,(HgBr;)(u-dpm);Bry, 660 nm. The excitation profiles
for these emissions parallel the absorption spectra in all cases.
Pty(u-dpm),Cl, or Pt;(u-dpm),Br, themselves show very weak
luminescence at 627 nm. Unlike the case with 1, 2 and 3 are
stable tolight and prolonged photolysis does not result in extrusion
of the added group (AuX or HgX;) from the trinuclear unit.

In order to probe the binding within the clusters, standard
SCF-Xa-SW calculations®-!! were performed on Pt,(PH;),Cl;
in botha Dy, and a C,, geometry and on Pt;(AuCl)(PH;)4Cly and
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Figure 3. Orbital energies in rydbergs from SCF-Xa-SW calculations
for Pt3(PH;)4Cl; and the mixed-metal clusters.

Pt,(HgCl,)(PH,)4Cl, in Gy, geometries. The C,, geometries for
the first two complexes used Cl-Pt—Pt bond angles of 150°. In
the third complex, the C1-Pt—Pt angle was 160° and the geometry
about the mercury was a flattened tetrahedron. The PH; moieties
were oriented so that there were four close H-+H contacts that
were parallel to that Pt—Pt bond (x) direction. The remaining
angles and the bond distances were taken from X-ray crystal-
lographic data on representative complexes.5-

The calculated energies of the higher valence orbitals, which
are numbered with neglect of the core levels, are summarized in
Figure 3. The major change engendered in Pt,(PH,),Cl, with
bending of the Cl-Pt-Pt angle from 180 to 150° is a reduction
in the LUMO-HOMO gap by 0.052 Ry (1 Ry =13.6 eV). Upon
bending of this Cl1-Pt—Pt angle, the energy of the HOMO, 7a,
(10a;), which is largely Pt—Pt do, increases and the energy of the
LUMO, 7bs, (10b,), which is largely Pt-Pt do*, decreases. This
is the anticipated result for a reduction in the Pt-Pt dg-overlap
that accompanies bending. The more tightly bound orbitals also
show changes, but only one clear reversal occurs in the energy
ordering of the orbitals that have large Pt-d character (6*-d,, and
06). The foregoing results are in good agreement with the
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calculations of Hoffman and Hoffmann,? although some small
differences occur in the relative energies of the deeper orbitals.

Adding the third metal center leads to a stabilization of both
the LUMO (¢*, b)) and HOMO (o, a,) from the bent parent.
These orbitals also acquire character of the added metal. The
o orbital is more affected. Its Pt character, based on the
partitioned charges, drops from 56% to 26% in the Pt;Hg cluster
and to 32%in the Pt;Au cluster, while the added metal contributes
11% and 17%, respectively. The Hg character is mainly p, with
smaller amounts of s (2%) and d (3%), while the Au character
is largely s (10%) and p, (7%) with negligible d contribution. The
remaining character is associated mainly with the chloride ligands.
Similar, but much smaller, changes occur in the o* orbital. Its
platinum character drops from 52% to 48% in both clusters, with
the added metal contributing 5% and 7%, respectively. In terms
of the predictions of Hoffman and Hoffmann,* the bonding in the
clusters isdominated by the a; interaction, with the b, interaction
much less effective. Sharp? reached the same conclusion in 3
from a consideration of 3!P NMR and structural data.

Differences in the two clusters result from the lower energy of
the orbitalson mercury thanon gold. Forexample, in the clusters,
the w*-d,, (b;) orbital of the parent gains Au-d (16%) and Cl-
(Au)-p (20%) character, whereas it does not gain any Hg or
CI(Hg) character. The combined effects lead to differences in
the composition of HOMOs and LUMOs of the two clusters. In
the Pt,Hg cluster, the HOMO (15a;) remains the o orbital, but
the LUMO (16a,) is largely Hg-s with the o* (12b)) slightly
higher in energy. The #*-d,, (11b;) becomes the HOMO in the
PtoAucluster withthe LUMO remaining ¢* (12b;). The LUMO-
HOMO gap, however, is surprisingly constant among the bent
parent (2.92 eV) and the two clusters (2.96 eV). The lowest
energy excitation also has the same A; symmetry in the two
clusters.

The expected spectral consequences of the preceding are that
the absorption spectra of the two adducts would show a red shift
from the undistorted parent and differ indetail but that the energy
of the lowest excited states in the two adducts would be similar.
The experimental results agree with these predictions. The
absorption spectra of the adducts are red shifted from the parent
complex. On the basis of the lowest energy peaks in the absorption
spectra, the observed shifts are 0.2-0.4 ¢V in the adducts,
compared with an expected shift of 0.5 eV based on the calculated
LUMO-HOMO gaps. Figures 1 and 2 also show that the
absorption spectra of the two adducts are different in their details.
However, the energies of their lowest excited states, as indicated
by the onsets of the absorption spectra or peaks of the emissions,
are very similar. The mean of the lowest energy absorption and
emission peaks in the adducts yields ~2.2 eV, whereas the
calculations predict 2.9 eV for the lowest energy excitation, The
energy comparisons are, of course, only semiquantitative since
state energies were not calculated.
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